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The matrix attachment region (MAR) is a distinctive
genomic DNA involved in a variety of nuclear pro-
cesses through association with the nuclear matrix.
Recent studies suggest that nuclear matrix is altered
in the process of apoptosis and presented to the im-
mune system, leading to the production of autoanti-
bodies against its protein components. To see whether
MARSs are also recognized by autoantibodies, a collec-
tion of human sera containing antinuclear antibodies
was screened for the presence of binding activities
against cloned MARs. We found that MAR-binding ac-
tivities are quite common in these sera. There was a
positive correlation among the MAR-binding titers for
three different MAR probes. As expected, the MAR-
binding activity was copurified with serum IgG, and
subclass analysis with affinity-purified 1gG on MAR-
Sepharose showed a predominance of 1gG2 isotype.
Several lines of evidence implied that the anti-MAR
antibodies detected here is distinct from the ordinary
anti-DNA antibodies that are reactive to bulk DNA.
© 2001 Academic Press
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The nuclear matrix is a proteinaceous network struc-
ture in the interphase nucleus that is believed to be
involved in many nuclear processes like DNA replica-
tion, transcription, and RNA processing (1). Genomic
DNA is organized into topologically independent
looped domains by specific interaction with nuclear
matrix through a noncoding DNA sequence termed
collectively as the matrix attachment region (MAR).
Although no distinctive sequence motifs are discernible
in MARs, they do share a significant feature that is a
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base composition with high AT content. Several nu-
clear matrix proteins that specifically bind MARs have
been identified (2—4). These proteins are thought to be
responsible for the site-specific anchorage of genomic
DNA and thus important for various nuclear func-
tions (5).

Frequent occurrence of antinuclear (auto)antibodies
(ANAS) has been noted in some disease groups with
autoimmune response, most frequently in systemic lu-
pus erythematosus (SLE), rheumatoid arthritis, and
mixed connective tissue disease. ANAs produced in
autoimmune patients are usually a mixture of antibod-
ies that react either with distinctive nuclear proteins,
RNA—protein complexes like the small nuclear ribonu-
cleoprotein (SnRNP), DNA—protein complexes (nucleo-
some), or isolated DNA (6). The spectrum of autoanti-
gens recognized by ANAs differs significantly in
individual patients, but it has a certain similarity
within the same disease categories. Some ANAs are
referred to as “antinuclear matrix antibodies” because
they show a strong immunostaining of nuclear matrix
preparations after indicator cells were treated with
detergent, high salt, and DNase (7). Several nuclear
matrix proteins have been identified as a specific au-
toantigen by immunoblotting procedures (8).

Anti-DNA autoantibodies are generally classified
into two groups, anti-ssDNA and anti-dsDNA antibod-
ies, by comparing relative affinities to single-stranded
and double-stranded DNA molecules, respectively. It
has been reported that sera from autoimmune pa-
tients, mostly SLE, contain autoantibodies that can
recognize more specific structural features such as
Z-DNA (9), palindromic sequences (10), triplex or qua-
druplex DNA (11, 12), telomeric repeats (13), and other
specific sequences (14). These studies, together with
the frequent occurrence of antinuclear matrix autoan-
tibodies, imply the presence of autoantibodies with
significant affinity to MARs. We show here for the first
time that anti-MAR antibodies are indeed frequently
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detected in ANA-positive sera, suggesting a probably
involvement of MARs in the autoimmune response.

MATERIALS AND METHODS

Serum samples. Randomly chosen patient sera for clinical tests
were screened for ANA by immunofluorescence staining of HEp-2
cells (see under “immunofluorescence microscopy”) and total of 136
ANA-positive sera were selected. These sera showed either diffuse,
peripheral, punctate or speckled nuclear staining patterns. As a
control, 30 serum samples were collected from healthy volunteers.

MAR plasmids. Three plasmids (pBRCEN3, pFTZ, and pAR1)
that contained inserts from the centromeric region of S. cerevisiae
chromosome 111 (15), the upstream element of the Drosophila fu-
shitarazu gene (16), and the intronic sequence of mouse Igk gene
(17), respectively, were used. The plasmids were digested either with
BamHI/EcoRI (pBRCEN3), EcoRI (pFTZ), or BamHI/Hindlll (pAR1)
and subjected to electrophoresis in 1% agarose gels. MAR-containing
fragments of 1 kb (pBRCENS3), 1.2 kb (pFTZ), and 0.37 kb (pAR1)
were recovered from the gel, purified, and *P-labeled on both ends in
the end-filling reaction with Klenow polymerase as described previ-
ously (4).

MAR binding assay. One microliter of serum samples or diluted
1gG fractions were incubated at 30°C for 20 min with *P-labeled
MAR probes (10°-10° cpm) and 0.25 mg/ml unlabeled E. coli DNA
(sonicated and nuclease Sl-treated) in a binding buffer containing
0.1 M Tris—HCI (pH 7.5), 0.25 M NaCl, and 2.5 mM EDTA (final
volume = 0.1 ml). E. coli DNA does not contain MAR and serves as
a nonspecific competitor. The mixture was passed through a prewet-
ted nitrocellulose filter held in a slot blotter (Bio-Dot SF, Bio-Rad
Labs) and the blotted filter was washed with 0.4 ml of the binding
buffer under negative pressure, followed by additional washing in a
plastic container. After exposing the dried filter against X-ray film
for autoradiography, the radioactivity of blotted area cut out from
the filter was measured by scintillation counting. Relative MAR-
binding activities in test sera were expressed by percentages of the
input radioactivity retained on filter. ANA-positive sera that showed
a high binding to all MARs were selected for further analysis (des-
ignated by sample numbers 13, 19, 21, and 27 in the text).

Anti-DNA antibody assays. Titers for anti-dsDNA and anti-
ssDNA antibodies were determined according to the published meth-
ods (18, 19). Calf thymus DNA (Sigma) was used as an antigen for
microplate ELISA and allowed to react with 200-fold-diluted human
serum. Alkaline phosphatase-conjugated affinity purified F(ab’),
goat anti-human IgG antibody (EY Labs) was used as the secondary
antibody and the substrate was p-nitrophenyl phosphate (Sigma).
The absorbance at 405 nm was measured in duplicates on a photom-
eter (Bio-Rad Labs Model 450). Each titer (IU/ml) was obtained from
the standard curve using the known standard antibody (ANA stan-
dard serum, MBL, Nagoya, Japan).

Analysis of anti-MAR antibodies. pFTZ was digested with EcoRlI
and the 1.2-kb MAR fragment and 3-kb vector fragment were puri-
fied by agarose gel electrophoresis. These DNA fragments were im-
mobilized on Sepharose beads (CNBr-activated Sepharose 4B, Phar-
macia) to prepare MAR beads and vector beads. Serum samples
containing 1 mg of 1gG were first mixed with the vector beads (0.2
ml) in the binding buffer consisting of 10 mM Tris—HCI (pH 7.5), 0.3
M NaCl, 1 mM EDTA, and 0.5% Empigen BB, a detergent. After
incubating for 1 h at 30°C, vector beads were removed by centrifu-
gation and supernatants were incubated with MAR beads under the
same conditions. The beads were washed with the binding buffer and
then incubated with mouse monoclonal antibodies that are specific to
human IgG subclasses 1-4 (Zymed) in separate tubes (100 ng protein
per tube). Washed beads were resuspended in SDS-PAGE sample
buffer, boiled for 2 min, and subjected to electrophoresis in 10%
polyacrylamide gels. After transfer onto nitrocellulose membranes,
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mouse antibodies (all 1gG1) were detected by an immunoblotting
procedure with peroxidase-labeled anti-mouse immunoglobulins
(KPL).

Immunofluorescence microscopy. HEp-2 cells fixed on microscope
slides (Fluoro HEPANA Test, MBL) were incubated with human
sera, diluted to 20- to 100-fold in PBS containing 1% BSA, for 30 min
at 37°C in a moist chamber. After washing the slides in PBS, cells
were incubated with FITC-labeled goat antibody against human
immunoglobulins (KPL) as described above and observed under a
fluorescence microscope. In some experiments, nuclear matrix was
prepared in situ according to the published procedure (20) and im-
munostained as above. Briefly, HeLa cells grown on slides were first
extracted with a detergent mixture in the presence of RNase inhib-
itor, vanadyl ribonucleoside complexes, and treated with RNase-free
DNase I. Chromatin proteins were then extracted with 0.25 M am-
monium sulfate and the resulting nuclear matrix was fixed with 4%
paraformaldehyde in PBS.

Other methods. 1gG was purified from serum samples using a
protein G affinity purification kit (MAbTrap GII, Pharmacia). Serum
1gG levels were measured from the absorbance at 700 nm by the
immunoturbidity method (N-assay TIA 1gG-S, Nittobo, Japan) using
an automatic analyzer (Hitachi 7070) (19). Statistical analyses of the
data were performed by the computer software StatView. Statistical
significance and correlation analyses were done by Mann-Whitney U
test and Spearman rank correlation test, respectively.

RESULTS

ANA-positive sera were first selected by immunoflu-
orescence screening of patient sera on HEp-2 cells and
their MAR-binding activities were compared with
those of ANA-negative control sera from healthy sub-
jects. Diluted serum samples were subjected to nitro-
cellulose filter-binding assay with three different MAR
probes labeled with *P that were originated from the
centromeric region of S. cerevisiae chromosome 111
(Cen I11), the upstream element of the Drosophila fu-
shitarazu gene (Ftz), and the intronic sequence of
mouse Igk gene (Igk). Nonspecific interactions between
the probes and serum proteins were suppressed by a
large excess of unlabeled E. coli DNA in a high ionic
strength buffer (0.25 M NaCl). As shown in Fig. 1,
comparison of the relative radioactivities retained on
filter revealed that the levels of MAR-binding activity
in the ANA-positive group are significantly higher than
those of the control group for all MAR probes (P <
0.001). The results thus suggest the enrichment of a
proteinaceous entity in ANA-positive sera, most likely
to be immunoglobulins, that selectively binds to MARs.
Since the concentration of 1gG in ANA-positive sera
was considerably higher than that in control group
(P < 0.0001), the observed difference in the MAR-
binding activity might be simply due to the elevated
1gG level. However, this possibility was ruled out by
the fact that the IgG content showed only a weak
positive correlation to the binding of Cen 111 or Ftz but
no correlation to that of Igxk MAR (data not shown).

MARs are different each other in nucleotide se-
quence but they share a common character, the selec-
tive binding to the nuclear matrix. To see whether
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FIG. 1. MAR-binding activities of serum samples measured by a

nitrocellulose filter-binding assay with different MAR probes. Levels
of binding activities between the two groups of sera, ANA-positive
(+) and ANA-negative (—), were compared by using the StatView
program. Box plots are shown, where each box contains 80% of data
points and horizontal lines inside the box designate the median
value. P values obtained from the Mann-Whitney U test are also
shown.

similar situation applies to the MAR-binding activity
in ANA-positive sera, correlational analysis was per-
formed between all three combinations of MARs (Fig.
2). As expected, positive correlations were found be-
tween the MARs in the ANA-positive group (P <
0.0001), whereas no significant correlations were de-
tected in ANA-negative sera (not shown). Since the
anti-ssDNA titer was significantly higher in the ANA-
positive group (P < 0.01), the MAR-binding activity
might be related to the titer of anti-DNA antibodies.
The binding activity for all MARs, however, showed no
positive correlations to either anti-ssDNA or anti-
dsDNA titers (not shown). These results suggest that
the MAR-binding protein in ANA-positive sera is capa-
ble of recognizing a structural feature shared by MARs
and is distinct from the anti-DNA antibodies that are
detectable with bulk DNA antigen.

To clarify the MAR-binding entity in ANA-positive
sera, 1gG was purified from a selected serum with high
MAR-binding activities and subjected to the filter-
binding assay with increasing concentrations of 1gG
(Fig. 3). The result showed that the protein factor re-
sponsible for the binding of MARs is indeed copurified
with 1gG. As predominance of a particular 1gG subclass
is notable in some autoantibodies (6), we next deter-
mined the subclass of anti-MAR antibodies after an
affinity purification step on immobilized MAR frag-
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ments (see Materials and Methods). The MAR-binding
antibodies bound to the Ftz MAR-Sepharose were in-
cubated with subclass-specific monoclonal antibodies
and the bound mouse antibodies were detected by im-
munoblotting with anti-mouse immunoglobulin anti-
body labeled with peroxidase (Fig. 4). Under these con-
ditions, the antibody bound to the beads was mainly
anti-1gG2, which was more abundant with the ANA-
positive serum. Similar results were obtained with
three other ANA-positive sera possessing high anti-
MAR titers (not shown), suggesting that 1gG2 is the
predominant isotype of anti-MAR autoantibodies.

We finally assessed the subnuclear distribution of
autoantigens recognized by ANA-positive sera with
high anti-MAR titers (Fig. 5). When HEp-2 cells were
stained, both ANA-positive sera showed a nuclear
staining characterized by multiple spots. Similar pat-
tern was observed with HelLa cell nuclear matrix prep-
aration (Fig. 5A). Since this punctate distribution of
autoantigen resembles that of centromeric regions in
interphase nuclei, the molecular target of these sera
was analyzed by immunoblotting using a control serum
containing autoantibodies to CENP-B, a major centro-
mere protein (Fig. 5B). As expected, both sera recog-
nized a 80 kDa-protein band that comigrated with
CENP-B. The persistent staining of nuclear matrix is
consistent with the report that interphase centromeres
or prekinetochores are associated with nuclear matrix
(21). Immunofluorescence microscopy with other anti-
MAR sera (#13 and #27) revealed a fibro-granular nu-
clear staining pattern with corona-like perinuclear
stain (not shown). These data indicate that in addition
to anti-MAR antibodies ANA-positive sera with high
anti-MAR titers also contain antibodies to nuclear pro-
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FIG. 2. Correlations between the MAR-binding activities for
three pairs of MAR combination. MAR-binding activities of ANA-
positive sera were plotted on arbitrary scales. Correlation coeffi-
cients (r) were calculated by the Spearman rank correlation test.
Frequency distributions of MAR-binding activity for each probe are
also shown as histograms.
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FIG. 3. Binding of MARs with purified 1gG. MAR-binding activities were measured by the filter-binding assay with IgG preparations
from the ANA-positive serum No. 19 (closed circles) and an ANA-negative control serum (open circles).

teins, including nuclear matrix proteins. There was no
direct correlation between the anti-MAR titers and the
patterns of autoantigen distribution. It appeared, how-
ever, that the most frequent staining patterns are
those mentioned above, nuclear spots and fibro-
granular staining, when a larger set of anti-MAR sera
was examined.

DISCUSSION

How is the production of anti-MAR antibodies initi-
ated? Recent studies argue that a major population of
ANAs in SLE is anti-nucleosome antibodies (22). Nu-
cleosomes are released from chromatin by endonucle-
ase attacks in the process of apoptosis. There is a
growing evidence that in SLE apoptosis is disturbed or
clearance of apoptotic cells is impaired, leading to an
increased presentation of nucleosomes as autoantigen
on cell surface that drives a T-cell-dependent autoim-
mune response (23, 24). It is worth considering here
that during apoptosis structural and compositional
changes in the nuclear matrix have been reported (25).
Notably, a number of nuclear matrix proteins undergo
proteolytic fragmentation in an early stage of apopto-
sis. These include the nuclear lamina protein lamins
A/B (26), poly(ADP-ribose) polymerase (27), the nu-
clear mitotic apparatus protein NuMA (28), a tissue-
specific MAR-binding protein SATB1 (29), the 70-kDa
protein of U1 snRNP (30), and hnRNP U protein (31).
The hnRNP U protein, also called SAF-A or SP120, is a
MAR-specific DNA-binding protein and believed to be
involved in the anchorage of genomic DNA (3-5). The
consequence of its fragmentation is two-fold, because
the caspase-dependent cleavage in its MAR-binding
domain results in disruption of the looped domain or-
ganization of chromatin, facilitating subsequent nu-
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clear condensation and generation of oligonucleosome-
sized DNA ladders (31). Interestingly, most of the
proteins that are cleaved during apoptosis are also the
target of autoantibodies (30). Based on these observa-
tions, we speculate that the altered structure of nu-
clear matrix in apoptotic cells renders the nuclear ma-
trix components, including MARs, more accessible to
the immune system to induce the production of anti-
MAR antibodies.

It has been proposed that anti-DNA antibodies are
initially raised against protein epitopes since DNA per
se is a poor immunogen and some anti-DNA antibodies
are cross-reactive to cellular proteins (32, 33). Recent
studies also suggest the importance of DNA-protein
complexes for the production of anti-DNA antibodies
through a hapten-carrier like scheme, leading to acti-
vation of antigen-specific helper T cell clones (34-36).
Many proteins involved here are likely to be DNA-
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FIG. 4. Subclass assignment of the anti-MAR antibody. Antibod-
ies reactive to Ftz MAR were affinity-purified from the ANA-positive
serum No. 19 (+) or ANA-negative control serum (—), and allowed to
react with mouse monoclonal antibodies specific to human I1gG iso-
types (indicated on top). Mouse antibodies were then detected by
immunoblotting with a mouse 1gG standard (lane S). Heavy (H) and
light (L) chains of 1gG are indicated on the left.
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FIG.5. Analysis of autoantibodies reactive to nuclear proteins in
ANA-positive sera with high anti-MAR titers. A, immunofluores-
cence micrograph; B, immunoblotting with total nuclear proteins.
Lane M, molecular weight marker; lane 1, protein staining; lane 2,
anti-centromere autoimmune serum; lane 3, ANA-positive No. 19
serum; lane 4, ANA-positive No. 21 serum. The arrowhead desig-
nates the centromere protein, CENP-B.

binding proteins. An emerging concept is that these
proteins are probably functional components of a large
protein complex and epitopes recognized by autoanti-
bodies constitute their active sites or functional do-
mains (37). It is possible, therefore, that anti-MAR
antibodies are cross-reactive to the DNA-binding do-
main of a MAR-binding protein. Alternatively, anti-
MAR antibodies could be anti-idiotype antibodies that
are driven against the antibodies to MAR-binding do-
mains. We have not investigated these possibilities,
including the coincidence of anti-CENP-B and anti-
MAR antibodies (Fig. 5), but they are certainly intrigu-
ing possibilities to pursue.

In the present study MAR binding assay was con-
ducted in the presence of competitor DNA, and the 1gG
reactive to MAR-Sepharose was not removed by the
preadsorption step with vector DNA-Sepharose. These
data, together with the lack of correlation between the
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titers for anti-MAR and anti-DNA antibodies, indicate
that the binding specificity of anti-MAR antibodies
must be significantly different from that of prevalent
anti-DNA antibodies. An important sequence motif in
MARs that may interact with MAR-specific DNA-
binding proteins is thought to be the short AT-tract
which is abundant in AT-rich MARs (38, 39). This is
simply demonstrated by the strong competitive bind-
ing of a synthetic DNA, poly(dA) - poly(dT). MAR-
binding proteins are likely to recognize the minor
groove of AT-tracts which is narrower than that of
average B form DNA. Anti-MAR antibodies may dis-
criminate MARs from bulk DNA by a similar mecha-
nism since the binding of anti-MAR antibodies was
also susceptible to poly(dA) - poly(dT) and there was a
positive correlation among the anti-MAR titers for dif-
ferent MARs.

ACKNOWLEDGMENTS

This work was supported by Grants-in-Aid for Scientific Research
from the Ministry of Education, Science, Sports and Culture of Ja-
pan. We thank M. Ishimaru for technical assistance.

REFERENCES

. Nickerson, J. A., Blencowe, B. J., and Penman, S. (1995) The
architectural organization of nuclear metabolism. Int. Rev. Cytol.
162A, 67-123.

. Dickinson, L. A., Joh, T., Kohwi, Y., and Kohwi-Shigematsu, T.
(1992) A tissue-specific MAR/SAR DNA-binding protein with
unusual binding site recognition. Cell 70, 631-645.

. Romig, H., Fackelmayer, F. O., Renz, A., Ramsperger, U., and
Richter, A. (1992) Characterization of SAF-A, a novel nuclear
DNA binding protein from HeLa cells with high affinity for
nuclear matrix/scaffold attachment DNA elements. EMBO J. 11,
3431-3440.

. Tsutsui, K., Tsutsui, K., Okada, S., Watarali, S., Seki, S., Yasuda,
T., and Shohmori, T. (1993) Identification and characterization
of a nuclear scaffold protein that binds the matrix attachment
region DNA. J. Biol. Chem. 268, 12886-12894.

. Fackelmayer, F. O., Dahm, K., Renz, A., Ramsperger, U., and
Richter, A. (1994) Nucleic-acid-binding properties of hnRNP-U/
SAF-A, a nuclear-matrix protein which binds DNA and RNA in
vivo and in vitro. Eur. J. Biochem. 221, 749-757.

. Maddison, P. J. (1999) Autoantibodies in SLE. Disease associa-
tions. Adv. Exp. Med. Biol. 455, 141-145.

. Kurki, P., Virtanen, 1., Lehto, V. P., and Helve, T. (1985) Nuclear
matrix antibodies in rheumatic diseases. J. Rheumatol. 12, 253—
256.

. Habets, W. J., de Rooij, D. J., Salden, M. H., Verhagen, A. P., van
Eekelen, C. A, van de Putte, L. B., and van Venrooij, W. J. (1983)
Antibodies against distinct nuclear matrix proteins are charac-
teristic for mixed connective tissue disease. Clin. Exp. Immunol.
54, 265-276.

. Madaio, M. P., Hodder, S., Schwartz, R. S., and Stollar, B. D.

(1984) Responsiveness of autoimmune and normal mice to nu-

cleic acid antigens. J. Immunol. 132, 872-876.

Cerutti, M. L., Centeno, J. M., Goldbaum, F. A., and Prat-Gay

Gd, G. (2001) Generation of sequence specific, high affinity anti-

DNA antibodies. J. Biol. Chem. 22, 22.

Thomas, T. J., Seibold, J. R., Adams, L. E., and Hess, E. V. (1995)

10.

11.



Vol. 285, No. 1, 2001

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Triplex-DNA stabilization by hydralazine and the presence of
anti-(triplex DNA) antibodies in patients treated with hydral-
azine. Biochem. J. 311, 183-188.

Brown, B. A., 2nd, Li, Y., Brown, J. C., Hardin, C. C., Roberts,
J. F., Pelsue, S. C., and Shultz, L. D. (1998) Isolation and char-
acterization of a monoclonal anti-quadruplex DNA antibody
from autoimmune “viable motheaten” mice. Biochemistry 37,
16325-16337.

Wallace, D. J., Salonen, E. M., Avaniss-Aghajani, E., Morris, R.,
Metzger, A. L., and Pashinian, N. (2000) Anti-telomere antibod-
ies in systemic lupus erythematosus: A new ELISA test for
anti-DNA with potential pathogenetic implications. Lupus 9,
328-332.

Stevens, S. Y., and Glick, G. D. (1999) Evidence for sequence-
specific recognition of DNA by anti-single-stranded DNA auto-
antibodies. Biochemistry 38, 560-568.

Amati, B. B., and Gasser, S. M. (1988) Chromosomal ARS and
CEN elements bind specifically to the yeast nuclear scaffold. Cell
54, 967-978.

Gasser, S. M., and Laemmli, U. K. (1986) Cohabitation of scaf-
fold binding regions with upstream/enhancer elements of three
developmentally regulated genes of D. melanogaster. Cell 46,
521-530.

Cockerill, P. N., and Garrard, W. T. (1986) Chromosomal loop
anchorage of the kappa immunoglobulin gene occurs next to the
enhancer in a region containing topoisomerase Il sites. Cell 44,
273-282.

Isenberg, D. A., Dudeney, C., Williams, W., Addison, I., Charles,
S., Clarke, J., and Todd-Pokropek, A. (1987) Measurement of
anti-DNA antibodies: A reappraisal using five different methods.
Ann. Rheum. Dis. 46, 448—-456.

Feltkamp, T. E. W., Kirkwood, T. B. L., Maini, R. N., and Aar-
den, L. A. (1988) The first international standard for antibodies
to double stranded DNA. Ann. Rheum. Dis. 47, 740—746.
Nickerson, J. A., Krockmalnic, G., Wan, K. M., Turner, C. D., and
Penman, S. (1992) A normally masked nuclear matrix antigen
that appears at mitosis on cytoskeleton filaments adjoining chro-
mosomes, centrioles, and midbodies. J. Cell Biol. 116, 977-987.

He, D., and Brinkley, B. R. (1996) Structure and dynamic orga-
nization of centromeres/prekinetochores in the nucleus of mam-
malian cells. J. Cell Sci. 109, 2693-2704.

Amoura, Z., Koutouzov, S., Chabre, H., Cacoub, P., Amoura, I.,
Musset, L., Bach, J. F., and Piette, J. C. (2000) Presence of
antinucleosome autoantibodies in a restricted set of connective
tissue diseases: Antinucleosome antibodies of the 1gG3 subclass
are markers of renal pathogenicity in systemic lupus erythema-
tosus. Arthritis Rheum. 43, 76—-84.

Berden, J. H., Licht, R., van Bruggen, M. C., and Tax, W. J.
(1999) Role of nucleosomes for induction and glomerular binding
of autoantibodies in lupus nephritis. Curr. Opin. Nephrol. Hy-
pertens. 8, 299-306.

Mevorach, D. (1999) The immune response to apoptotic cells.
Ann. NY Acad. Sci. 887, 191-198.

Martelli, A. M., Bareggi, R., Bortul, R., Grill, V., Narducci, P.,
and Zweyer, M. (1997) The nuclear matrix and apoptosis. His-
tochem. Cell Biol. 108, 1-10.

69

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Oberhammer, F. A., Hochegger, K., Froschl, G., Tiefenbacher, R.,
and Pavelka, M. (1994) Chromatin condensation during apopto-
sis is accompanied by degradation of lamin A+B, without en-
hanced activation of cdc2 kinase. J. Cell Biol. 126, 827-837.

Lazebnik, Y. A., Kaufmann, S. H., Desnoyers, S., Poairier, G. G.,
and Earnshaw, W. C. (1994) Cleavage of poly(ADP-ribose) poly-
merase by a proteinase with properties like ICE. Nature 371,
346-347.

Hsu, H. L., and Yeh, N. H. (1996) Dynamic changes of NuUMA
during the cell cycle and possible appearance of a truncated form
of NUMA during apoptosis. J. Cell. Sci. 109, 277-288.

Gotzmann, J., Meissner, M., and Gerner, C. (2000) The fate of
the nuclear matrix-associated-region-binding protein SATB1
during apoptosis. Cell Death Differ. 7, 425-438.

Casiano, C. A., Martin, S. J., Green, D. R., and Tan, E. M. (1996)
Selective cleavage of nuclear autoantigens during CD95 (Fas/
APO-1)-mediated T cell apoptosis. J. Exp. Med. 184, 765-770.
Gohring, F., Schwab, B. L., Nicotera, P., Leist, M., and Fackel-
mayer, F. O. (1997) The novel SAR-binding domain of scaffold
attachment factor A (SAF-A) is a target in apoptotic nuclear
breakdown. EMBO J. 16, 7361-7371.

Reichlin, M., Martin, A., Taylor-Albert, E., Tsuzaka, K., Zhang,
W., Reichlin, M. W., Koren, E., Ebling, F. M., Tsao, B., and Hahn,
B. H. (1994) Lupus autoantibodies to native DNA cross-react
with the A and D snRNP polypeptides. J. Clin. Invest. 93, 443—
449,

Zack, D. J., Yamamoto, K., Wong, A. L., Stempniak, M., French,
C., and Weisbart, R. H. (1995) DNA mimics a self-protein that
may be a target for some anti-DNA antibodies in systemic lupus
erythematosus. J. Immunol. 154, 1987-1994.

Moens, U., Seternes, O. M., Hey, A. W, Silsand, Y., Traavik, T.,
Johansen, B., and Rekvig, O. P. (1995) In vivo expression of a
single viral DNA-binding protein generates systemic lupus
erythematosus-related autoimmunity to double-stranded DNA
and histones. Proc. Natl. Acad. Sci. USA 92, 12393-12397.

Andreassen, K., Bredholt, G., Moens, U., Bendiksen, S., Kauric,
G., and Rekvig, O. P. (1999) T cell lines specific for polyomavirus
T-antigen recognize T-antigen complexed with nucleosomes: A
molecular basis for anti-DNA antibody production. Eur. J. Im-
munol. 29, 2715-2728.

Chimenti, D., Marchini, B., Manzini, S., Bombardieri, S., and
Migliorini, P. (2000) Induction of anti-DNA antibodies in preau-
toimmune NZBXNZW F1 mice by immunization with a DNA-
DNase | complex. J. Autoimmun. 15, 9-13.

Casiano, C. A., and Tan, E. M. (1996) Recent developments in the
understanding of antinuclear autoantibodies. Int. Arch. Allergy
Immunol. 111, 308-313.

Adachi, Y., Kas, E., and Laemmli, U. K. (1989) Preferential,
cooperative binding of DNA topoisomerase Il to scaffold-
associated regions. EMBO J. 8, 3997-4006.

Kas, E., Izaurralde, E., and Laemmli, U. K. (1989) Specific inhi-
bition of DNA binding to nuclear scaffolds and histone H1 by
distamycin. The role of oligo(dA) - oligo(dT) tracts. J. Mol. Biol.
210, 587-599.



	MATERIALS AND METHODS
	RESULTS
	FIG. 1
	FIG. 2
	FIG. 3

	DISCUSSION
	FIG. 4
	FIG. 5

	ACKNOWLEDGMENTS
	REFERENCES

